A morphological investigation of mitochondria within the seminal epithelial cells of rat testes fixed in potassium permanganate reveals differences in electron opacity between the internal mitochondrial membranes of spermatogenic cells and those of Sertoli ceils. Some interpretations of the apparent density differences are briefly discussed. It is concluded that the different effects of permanganate fixation upon the mitochondria of these cell types may reflect a significant structural difference between them.
INTR ODUCTION
Electron microscopic investigations of mitochondria from a wide variety of cell types have revealed that there is considerable variation in their fine structure especially with regard to the organization of their internal membranes (1--6, 13, 14) . Palade (l) reported that the mitochondrial cristae are found to vary in number and spacing from cell type to cell type. Those of the liver mitochondria were observed to be thin and irregularly shaped. Cristae which are more regularly spaced and greater in number were noted to be characteristic of mitochondria in the pancreas, salivary glands, and mammary glands. An even greater concentration of cristae was found in skeletal and heart muscle mitochondria. In most cases cristae have been described as being perpendicular to the long axis of the mitochondria, but in some cell types they are longitudinally disposed as in the axons of some nerve cells; concentrically arranged cristae have been encountered in the mitochondria of certain invertebrates (2) . The mitochondria of ciliated protozoa have tubular infoldings referred to as "microvilli" (3) ; this arrangement has also been described in certaip metazoan cells (4) . Most investigators agree that mitochondria possess a system of double membranes (1, 4, 11, 14) , each membrane being separated by a clear space, wider than the thick-* Present address: Plant Research Institute, The University of Texas, Austin. ness of the individual membranes. Palade (1, 4) first described the cristae as infoldings of the inner membrane of the two surface membranes. Both of these membranes have further been reported to be double (5-7).
Of particular interest here are the mitochondrial membranes of spermatogenic and Sertoli cells. Palade (l) reported that the cristae of spermatocyte and spermatid mitochondria of the rat are thicker than those of somatic mitochondria and that the intramitochondrial matrix is lighter. The matrix density was found to vary according to the p H of the fixative. In cross-sections the cristae of the spermatogenic cell mitochondria were also noted to be irregular in profile. The cristae of Sertoli cell mitochondria were reported to be approximately as thick as those of somatic cell mitochondria.
The present investigation was pursued with the intent of elucidating differences in the organization of mitochondrial membranes from both spermatogenic and Sertoli cells in tile rat testes. To enhance the clarity of membranes the tissues were fixed in a 3.0 per cent potassium permanganate solution.
Materials and Methods
Male albino rats at 6 months of age were anesthetized with ether. Small pieces of seminiferous tubules, about 1.0 mm. in length, were excised and fixed for 2.0 hours at room temperature in either 3.0 per cent unbuffered, aqueous KMnO4 or 3.0 per cent KMnO4 buffered with veronal acetate (pH 7.4) according to Mollenhauer (8) . The tissue was dehydrated in a series 311 312 OBSERVATIONS ON MITOCHONDRIA OF RAT TESTES of alcohol solutions and embedded in epoxy resin according to the method of Glauert et al. (9) . Thin sections were cut on a Porter-Blum microtome and viewed on an RCA electron microscope, model EML or EMU-3.
OBSERVATIONS
Low magnification electron micrographs of longitudinal sections through the seminiferous tubules of rat testes permit the study of morphological relationships among the various types of cells. In and 2). In some micrographs of spermatogenic cell mitochondria the outer mitochondrial membrane appears slightly less dense than the inner membrane (Fig. 4) . Diminished density of the outer mitochondrial membrane as seen in Fig. 4 is apparently not due to obliquity of section since both inner and outer membranes at the mitochondrial surface tend to parallel one another. This density difference was not observed in Sertoli cell mitochondria. The cristae of spermatogenic cell mitochondria in Fig. 3 appear connected to the inner mitochondrial membrane such that there is a continuation of the intermembranous space of the cristae with the space between the inner and outer membranes at the mitochondrial surface (see arrows). The cristae are also highly irregular in disposition and inconsistent in their orientation along the length of the mitochondria. The membranes comprising the cristae are about 60 to 70 A thick and the intermembranous spaces of the cristae are about the same in width. The respective dimensions of the inner and outer membranes at the mitochondrial surface and the intermembranous space bounded by them are within the same order of magnitude.
The cristae of Sertoli cell mitochondria are more regularly disposed. They are usually short, incomplete septa which appear oval or circular in profile, resembling the microvilli of mitoehondria from other forms (3) and are less frequently seen to connect across the width of a mitochondrion (Figs. 5 and 6). The thickness of the inner membrane bordering the Sertoli cell mitochondria is about the same as that of the external limiting membrane (i.e., 60 to 70 A). The intermembranous spaces of the cristae often appear wider than the space between the inner and outer membranes at the mitochondrial surface. With the fixation procedures followed here the mitochondrial matrix from both types of ceils appears to have about the same density although an occasional section (see Fig. 2 ) suggests that the matrix of Sertoli cell mitochondria is somewhat more homogeneous and has a greater density than that of spermatogenic cell mitochondria. Dense granules, approximately 400 to 500 A in diameter, are occasionally seen within the mitochondrial matrix of spermatogenic cells (Fig. 3) but in the present investigation they have not been observed in Sertoli cell mitochondria.
The relatively dense spherical bodies seen in Figs. 1, 2 , 5, and 6 are consistently observed in close proximity to the mitochondria in Sertoli cells, but rarely noted to be present in spermatogenic cells. They vary in shape and size, and often contain granules of high electron opacity or well defined internal membranes which may have some order of disposition. The origin and significance of these bodies are unknown. From a series of measurements the mean thicknesses of the mitochondrial membranes in both cell types are within the same order of magnitude. Hence, the density differences must be accounted for independently of membrane thicknesses per se. It has been demonstrated by several investigators that the image of each mitochondrial membrane is composed of two thin lines separated by a space of approximately 15 A (6, 10, 12). The double nature of each membrane thus defined has not been demonstrated in the present study. Therefore, the possibility exists that the reduced membrane density of Sertoli cell mitochondria might be due to swelling or loss of intermembranous elements to the fixative. The suggestion of swelling is supported by the fact that other investigators using the standard osmium tetroxide fixation (I, 4) have reported overall thicknesses of cristae from Sertoli cell mitochondria to be smaller than those observed in this study. Nonetheless the possibility of a real structural difference should not be overlooked. Additional observations on thin sections of mitochondrial fractions isolated in 0.44 ~ sucrose and fixed in permanganate as described in the section on methods suggest that the membranes of Sertoli cell mitochondria are more fragile than those of spermatogenic cells. In sections from these fixed fractions the membranes of spermatogenic cell mitochondria appear intact whereas those of Sertoli cell mitochondria are disrupted.
From the observations reported herein it is concluded that a significant structural difference may exist between the mitochondrial membranes of Sertoll cells and those of spermatogenic cells in the rat testes. The selectively different effects of potassium permanganate fixation may be a reflection of this structural difference. 
